






































hIndustrial Crops and Products 49 (2013) 775– 781
Contents lists available at ScienceDirect
Industrial  Crops  and  Products
journa l h om epage: www.elsev ier .com/ locate / indcrop
nhancement  of  palm  oil  reﬁnery  waste  –  Spent  bleaching  earth  (SBE)
nto  bio  organic  fertilizer  and  their  effects  on  crop  biomass  growth
oh  Kheang  Loha,∗, Stephen  Jamesb,  Muzzamil  Ngatimana, Kah  Yein  Cheonga,c,
uen  May  Chooa,  Weng  Soon  Lima
Malaysian Palm Oil Board, P.O. Box 10620, 50720 Kuala Lumpur, Malaysia
MPV Technologies (Pasir Gudang) Sdn. Bhd, Malaysia
School of Chemical Science and Food Technology, Faculty of Science & Technology, Universiti Kebangsaan Malaysia, 43600 UKM, Bangi, Selangor, Malaysia
 r  t i  c  l  e  i  n  f  o
rticle history:
eceived 26 March 2013
eceived in revised form 10 June 2013
ccepted 13 June 2013
a  b  s  t  r  a  c  t
Spent  bleaching  earth  (SBE)  derived  from  the  degumming  and  bleaching  of  crude  palm  oil  (CPO)  from
physically  reﬁned  palm  oil  is  commonly  disposed  off  at landﬁlls  at  a high  cost.  Its  disposal  has  so  far
led  to environmental  degradation  but has  not  been  addressed.  This  study  demonstrates  the innovative
utilization  of SBE  as a bio  organic  fertilizer.  The  SBE  was  co-composted  with  some  agricultural  and  palm







and  microbial  rejuvenation  due  to  adequate  amounts  of beneﬁcial  mineral  elements;  improved  organic
carbon (OC);  cation  exchange  capacity  (CEC);  water-holding  capacity  and  C:N  ratio.  The  pot  and  ﬁeld
trials  carried  out  indicate  highly  signiﬁcant  increases  in  the  productivity  of okra  (Abelmoschus  esculentus),
kangkung  (Ipomoea  aquatic)  and  groundnut  magenta  with  2-fold  increases  (35–60%)  on  average  in  fresh
and  dry  matters  production.
© 2013 Published by Elsevier B.V.. Introduction
Pre-treatment of crude palm oil (CPO) during a reﬁning process
hich involves degumming and bleaching, generates plentiful of
pent bleaching earth (SBE). Bleaching earth is a very ﬁne pow-
er and its main component is silicon dioxide (∼57% and more
epending on the type). It is prepared by treating montmorillonite
lay (represented by Al2O3·4SiO2·nH2O) with mineral acids and by
luting basic components such as aluminium, iron and magnesium.
leaching earth has been used to absorb dark colour matters and
dour-causing substances in crude oil and vegetable oil. It is esti-
ated that about 600,000 metric tonnes or more of bleaching earth
as utilized worldwide in the reﬁning process based on the world-
ide production of more than 60 million tonnes of oils (Park et al.,
004).
SBE is a discarded palm oil reﬁnery (POR) waste containing a
igh percentage of residual oil (∼20–40%) (Aziz et al., 2001; Loh
t al., 2006). Disposal of SBE by incineration, inclusion in animal
eeds, land ﬁlling method or concrete manufacturing is generally
racticed. Currently in Malaysia, the most common practice is dis-
osal at landﬁlls – causing ﬁre and pollution hazards due to the
∗ Corresponding author. Tel.: +60 387694456/9253428; fax: +60 389263827.
E-mail address: lohsk@mpob.gov.my (S.K. Loh).
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ttp://dx.doi.org/10.1016/j.indcrop.2013.06.016degradation of the residual oil in it, and the associated green-
house gas (GHG) emissions upon its disposal. In Japan, SBE has
been incinerated for cement manufacturing but there is difﬁculty
in maintaining good cement quality due to the high concentration
of oil in SBE (Park et al., 2004). In the near future, incineration or
landﬁll disposal will probably become impossible due to a stricter
environmental regulatory restriction, lack of new dump sites and
most importantly, the release of GHG to the atmosphere at landﬁlls.
The residual oil in SBE should ideally be recovered and re-used
for industrial applications in order to reduce cost in oil processing.
Adding value to the recovered residual oil is among the many
possible approaches to resolving the issue e.g. as feedstock for
biofuels (Loh et al., 2006), biolubricants (Loh et al., 2007), indus-
trial grade oleochemicals (Chanrai and Burde, 2004) and animal
feeds (Damodaran, 2008). Apparently, the de-oiled SBE without
any known applications was destined at landﬁll as required by
the local authorities. SBE without residual oil recovery can also
be used as feed material (Ng et al., 2006). Other attempts on
SBE utilization include regenerating SBE as adsorbents (Cheah and
Siew, 2004), fermenting oil-containing SBE to produce riboﬂavin
for use in medicine, food and fodder industries and recovering
riboﬂavin-free SBE-based soil conditioner without much evidence
given (Park et al., 2004). In recent years, waste clay and recycled
bentonite in either their original forms, or co-composted with rice
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r agriculture by-products as a soil amendment was  extensively
esearched (Arias-Estévez et al., 2007; Croker et al., 2004; Ho
t al., 2010; Soda et al., 2005; Wang et al., 2010). For exam-
le, an organic-rich bentonite-based waste particularly generated
rom the wineries was found as a suitable acid soil amendment to
acilitate soil–plant interaction for increased soil fertility, micro-
ial rejuvenation and biomass productivity at lower addition rates
Nóvoa-Mun˜oz et al., 2008). Besides, its negatively charged soil sur-
ace can also immobilize heavy metals and pesticides in controlling
eaching of these contaminants into waterways (Bermúdez-Couso
t al., 2011; Pateiro-Moure et al., 2009).
To date, the PORs in Malaysia are still dumping SBE at landﬁlls
ecause there are no available scientiﬁc solutions to address the
roblem. Therefore, the main objective of the present study focused
n 100% recovery and conversion of SBE into a bio organic fertilizer
y co-composting it with some agricultural and palm oil milling
y-products. It was envisaged that the composted SBE possessed
ood characteristics for soil remediation resulted in improvement
f crop productivity, and hence overcoming the low chemical fer-
ilizer application efﬁciency in agriculture that destroys mother
arth. It provides a total environment solution to abate the pollution
roblems created in the disposal of SBE.
. Methods
.1. Materials
Bulk supply of SBE was sourced from 2 PORs at Pasir Gudang on a
egular basis. Two types of SBE commonly used by the reﬁneries are
cid-activated SBE and natural SBE. The SBE used can be in different
onditions i.e. freshly released or stored. The SBE from the reﬁnery
as discharged into a silo and directed to a closed loop system i.e. a
edicated buffer storage container placed with a quick-connect SBE
ransfer system to ensure spill-proof handling of SBE from reﬁnery
o haulage truck en route to the SBE recovery plant.
.2. Pilot setup of a SBE recovery plant
A pilot SBE recovery facility was established at Pasir Gudang. The
ilot plant was equipped with an open door and a closed door com-
osting systems having composting piles of about 8′ (height) × 8′
width) × 16′ (length) at the initial 30 days and enlarged at
8′ × 24′ × 60′, respectively after 60 days on maturity.
.3. Formulation and production of SBE-based bio organic
ertilizer
The SBE collected was ﬁrst sorted out to remove any unwanted
ubstances arising from the dumping of other wastes during oil
eﬁning process. It was subjected to a 90 day co-composting
hase with chicken litter (∼25%) and palm oil milling by-products
∼40%) i.e. empty fruit bunches (EFB), palm oil mill efﬂuent
POME) and shredded oil palm trunks (OPT). The type and blend-
ng ratio of the feedstock used were dependent on the desired
itrogen–phosphorus–potassium (NPK) contents for the ﬁnished
roduct formulated. Modiﬁcation of C:N ratio was also conducted
ia different blending ratios. The composting was  conducted at
0–50 ◦C in open door and closed door windrowing systems to
acilitate aeration via mechanical turning and to encourage active
icrobial growth in SBE. Agitating with aeration was conducted
egularly for a complete homogeneous and effective mixing..4. Pelletization of SBE-based bio organic fertilizer
The SBE-based bio organic fertilizer (bio materials) was pel-
etized via a modiﬁed pelletizer involving steps such as feeding, Products 49 (2013) 775– 781
pelletizing, and separation, drying and packing. The bio materials
were fed manually to the pelletizer which was  equipped with dies
of 2 sizes (4 and 6 mm)  rotated by a belt system. The pelletizing pro-
cess was  conducted at an ambient temperature to <60 ◦C (max). The
pellets coming out from the pelletizer were separated into 70% pel-
lets and 30% ﬂake materials. The pellets were dried using a heater
at 30–40 ◦C for 6–12 h.
2.5. Analyses
The pH of the samples was  measured by a pH metre in deionized
water at a sample/water ratio of 1:5 (Soda et al., 2006). Total organic
carbon (TOC) and organic matter content were determined by wet
oxidation using the Walkley–Black dichromate digestion method
(Ho et al., 2010; Rayment and Higginson, 1992; SIRIM, 1980; Soda
et al., 2006; Walkley and Black, 1934; Zulkiﬂi and Masnon, 1993a).
The factor used to convert TOC to organic matter was  1.724 (Chen
et al., 2004; Zulkiﬂi and Masnon, 1993a). Total N was determined
according to ASTM (2002) using an elemental analyzer CNS-LECO
2000. The C:N ratio was calculated from the measured values of
TOC and total N. The cation exchange capacity (CEC) was deter-
mined using 1 M NH4-acetate buffered at pH 7.0 (Rayment and
Higginson, 1992; Soda et al., 2006; Zulkiﬂi and Masnon, 1993d). The
water-holding capacity was measured according to ASTM (2010).
The moisture content was  measured according to ASTM (2009)
using LECO TGA 701. The nutrient content: N by either Kjeldatherm
digestion method (Zulkiﬂi and Masnon, 1993b) or using CNS-LECO
2000; Available P (as P2O5) was determined using the molybde-
num blue method and colour formation was measured by UV/vis
spectrophotometer at wavelength 880 nm according to Zulkiﬂi and
Masnon (1993c); K, Ca, Mg  and other trace elements were extracted
using concentrated HCl and concentrated HNO3 and then deter-
mined using a ﬂame atomic adsorption spectrometer (AAS) Perkin
Elmer Analyst 400. The residual oil from SBE was  recovered via sol-
vent extraction system (soxtherm) according to method described
previously (Loh et al., 2006). The microbial growth study was con-
ducted using spread plate method in nutrient agar with 3 times
dilution of the centrifuged supernatant SBE solution (1 mL  of super-
natant in 9 mL  of 0.85% salt water repeated for 3 times). The results
were addressed as colony form unit (CFU/mL).
2.6. Pot assay
The small scale pot assays of SBE-based bio organic fertilizer on
plant growth assessment was carried out on (1) Ipomoea aquatic or
kangkung, (2) Abelmoschus esculentus or okra. The PVC pots mea-
sured 12 cm and 25 cm in height and 12 cm and 25 cm in diameter,
respectively were ﬁlled up with the treatment and control soils to
about three quarters full. The soil used was  sandy loam pre-mixed
with compost (commercially available) with a moisture of 45–55%,
pH 5.5–6.5 and C:N 25–35 (Table 4).
2.6.1. Ipomoea aquatic (kangkung)
A randomized block was  designed having two fertilizer treat-
ments: (A) blank and (B) a compost soil with SBE-based bio organic
fertilizer. All treatments were replicated three times. Parameters
observed were average number of leaves and average height of
kangkung. The fresh weight of total biomass, shoot and root were
measured and used in a statistical analysis.
2.6.2. Abelmoschus esculentus (okra)
Two sets of planting block were set up; each set contained 3planting pots having different fertilizer treatment: (A) blank and (B)
a compost soil with SBE-based bio organic fertilizer. All treatments
were replicated three times. Seeds were soaked in water for 24 h
to allow water to nourish the seed for better germination before
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Table  1
Fertilizer value (NPK content) of various bio-based materials.
Component N (%) P (%) K (%) C:N
Spent bleaching earth (SBE) 0.06–0.71 2.01–2.36 0.27–0.84 290
Oil  palm trunks (OPT) 0.19 0.07 1.21 155
Empty fruit bunches (EFB) 0.33 0.03 1.59 50–94
















































Characteristics of freshly manufactured bleaching earth, spent bleaching earth (SBE)
and zeolite.
Characteristics aFresh bleaching earth SBE bZeolite
Free moisture (%) 10.5 0–1.8 6.9
pH (20% suspension) 4.6 4.5–5.3 6.0–7.0
Chemical composition by ash (% oxides by wt)
SiO2 60.4 56.9 71
Al2O3 11.5 9.24 11
Fe2O3 9.3 8.27 1.61
MgO  5.2 4.32 1.01
CaO 1.7 3.9 2.51
Na2O 0.4 0.08 1.70
K2O 1.2 0.96 2.28
MnO2 NA 0.10 0.05
TiO2 NA 0.90 0.30
P2O5 NA 4.87 0.05
a Taiko Supreme 1B supplied by Taiko Clay Marketing Sdn. Bhd. (2006).
b Bionas Zeolite, national fertilizer for Bionas Bio-diesel Project.
NA:  not applicable.
Table 3
Characteristics of residual oil of spent bleaching earth (SBE).
Characteristics SBE
Residual oil characteristics
Free fatty acids, FFA (%) 12.6
Peroxide value, PV (meq/kg) 3.4
Phosphorus, P (mg/kg) 18.7
Iron, Fe (mg/kg) 1.24
Copper, Cu (mg/kg) 0.38
-Carotene (mg/kg) 6
Total vitamin E (mg/kg) 38.8




C18:1 39.4Mesocarp ﬁbre 0.80 
Palm  oil mill efﬂuent (POME-treated) 4.68 
Chicken litter 1.08 
lanted. The physical parameters observed were plant height, root
ength, number of leaf, size of leaf and number of fruit. Two  per-
ormance and efﬁcacy assessments at different cultivation period
ere conducted i.e. in a month of cultivation and after a complete
-month trial. The plants were harvested after the set cultivation
eriods. The physical parameters of the plant (fresh weight and or
ry weight of the total biomass, shoot and root) were measured
nd used in a statistical analysis.
.7. Field evaluation and efﬁcacy test
A big scale ﬁeld trial was conducted in cooperation with Jabatan
ertanian Negeri Perak at Kompleks Pertanian Titi Gantung under
n agricultural programme by the Ministry of Agriculture. The
ested crop was groundnut var. magenta on 0.5 ha cultivation land.
he sandy loam soil used was loose with pH of 5.7–6.5. An appli-
ation rate of 250 kg ha−1 of the SBE-based bio organic fertilizer
as used throughout the trial. This rate was recommended by the
epartment as per the standard used based on the NPK require-
ents speciﬁcally for planting magenta groundnut. Ten plants were
elected randomly for the monitoring of the plant growth per-
ormance in every fortnight starting from the application of the
BE-based bio organic fertilizer. At the end of the cropping phase,
he fruits were harvested and measurement of their fresh weights
onducted. The results were compared with that of the fresh fruit
eights using commercial fertilizer commonly used by the Depart-
ent.
.8. Statistical analysis
A statistical analysis tool, t-test was used to analyze signiﬁcance
f treatment of SBE-based bio organic fertilizer on plant growth
erformance.
. Results and discussion
Bio fertilizer production in the oil palm industry has so far con-
entrated mainly on the by-products from palm oil mills but has
xcluded the reﬁnery waste (namely SBE) discharged by the PORs.
BE was found to contain a fairly adequate quantity of NPK com-
ared to various other bio materials such as oil palm biomass (e.g.
OME, EFB, OPT and oil palm frond or OPF) and agricultural by-
roducts (e.g. chicken litter) (Table 1), which is essentially required
n any bio fertilizer production. The initial C:N ratio of 290 in SBE
efore composting was far too high compared to other bio mate-
ials which could decompose readily in the ﬁeld as mulch. Though
BE contained a high C with limited N, the bioavailability of C could
e low, thus the decomposition of SBE being slow. Hence, the direct
pplication of SBE to soil would have caused a detrimental effect in
imiting bioavailability of soil N for plant growth..1. Characteristics of SBE
Bleaching earth is montmorillonite and bentonite-based nat-
ral clay having similar characteristics as that of zeolite, thusC18:2 10.5
hypothetically it mimics zeolite in many ways. It has essential min-
eral elements (N, P, K – Table 1; Ca, Mg,  Zn, Fe, Mn,  Cu, Ti – Table 2)
and beneﬁcial elements (Si, Na – Table 2) for potential use as a
soil supplement for plant growth. The physicochemical properties
of SBE after the bleaching process in oil reﬁnery have not altered
much compared to the fresh earth (Table 2). Furthermore SBE from
POR adsorbs about 6 to 18% of residual CPO mainly palm-based fatty
acids ranging from C14 to C18 which also contains important nutri-
ent elements and phytonutrients (e.g. carotene, vitamin E, Table 3).
Together the earth and the oil of SBE are relevant candidates in pro-
moting plant growth and providing nutrients for microorganism
rejuvenation. Regardless of the concentration and bioavailability
of these nutrients in SBE, it is well established that the presence of
P2O5 has a positive impact on the growth of ﬂowers and fruits, while
N and Mg  affect leaves growth and K catalyzes photosynthesis.
Hence, the presence of NPK is required in any form of fertilizer for
overall plant growth. Based on the analyses, SBE has almost all the
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Table  4
Characteristics of spent bleaching earth (SBE) before and after composting.
Fertilizer characteristic SBE SBE-based bio organic Mineral soil Soil: SBE-based bio organic (50:50)
Water holding capacity, ml/100 g 5.7–6.5 13–20 14 137–140
Organic carbon (%) 7.06 15.81–17.23 12–15 11.85





























*Cation  exchange capacity, cmol/kg 8.03 31.5–36.0
C:N  290 9–21 
pH  4.5–5.2 5.4–6.5 
utrients required for plant growth although not in an optimized
evel.
Another important aspect is that SBE contains Si and Al (Table 2)
hat strengthens the ability of soil to hold nutrients. Due to the iso-
orphous substitution of Si4+ by Al3+ in the mineral structure of
he earth and the containment of the negatively charged organic
atter in it, SBE has a net negative surface charge. The negative
harge associated with isomorphous substitution is considered per-
anent, that is, the charge does not change with pH changes. In
his case, when SBE is associated with soil, it enhances soil char-
cteristics and strengthens the negativity of soil surface charges in
xchanging the positively charged ions of common nutrients such
s Ca2+, Mg2+, K+, Fe2+, Na+, Mn2+, Zn2+, Cu2+ and Ni2+. This further
upports the increases of CEC in the presence of increased organic
arbon (OC) in composted SBE.
Besides, a total pore volume of 0.165 cm3 g−1 for the SBE is
ndicative of a material that is not as good an adsorbent as activated
arbon (0.459 cm3 g−1) but sufﬁces to loosely bind the nutrients and
elease them slowly when needed by the crops. It shows adequate
orption/desorption capability. Once it is enhanced or composted,
t increases water holding capacity, porosity and the adsorption
apacity of nutrients. Unfortunately, there is not enough evidence
t the moment to show that the structure and texture of composted
BE was indeed improved.
.2. SBE-based bio organic fertilizerOrganic fertilizers are naturally occurring fertilizers or naturally
ccurring mineral deposits. In practice, organic fertilizers usually
nclude mineral-based fertilizers as well, such as greensand or
ig. 1. Comparison of nutrient levels (%) between spent bleaching earth (SBE)-based bio 
Data obtained from commercially available organic fertilizer packaging labels.
*Fertilizer speciﬁcation by Ministry of Agriculture, Malaysia.29.2 32–39
25–35 32
5.5–6.5 5.89
rock phosphate which is naturally occurring too. Organic fertilizer
is produced naturally or via natural biological processes such as
composting. The majority of nitrogen supplying organic fertilizers
contain insoluble nitrogen and act as a slow-release fertilizer. SBE
which is a naturally occurring montmorillonite/bentonite clay con-
taining mineral deposits that is mined and physically treated into
powder form without using chemicals. Hence, they can be consid-
ered organic. By co-composting SBE with other naturally occurring
organic materials such as agricultural by-products and oil palm
biomass, the composted ﬁnished products can still be considered
as organic fertilizers.
3.3. Composting process
A signiﬁcant problem in the reuse of SBE from vegetable oil
processing is its hydrophobic nature in the presence of residual
oil on its surfaces as well as its acidic nature. The average pH
of the 1:5 extract SBE solutions (20% suspension) and the water-
holding capacity of SBE were 4.9 and 6.1 mL/100 g, respectively.
Through the co-composting of SBE with chicken litter and palm oil
milling by-products, the chemical attributes of SBE were signiﬁ-
cantly altered. The average pH and water-holding capacity of the
co-composted materials were 6.1 and 16.5 mL/100 g, respectively.
The pH increased with the addition of co-composted material due
to the alkaline nature and alkalinity generated through the com-
posting process. The hydrophobic nature of SBE was  high due to
the presence of adsorbed residual oil associated with the bleaching
process as was evidenced by the measurement of water-holding
capacity, but the composted SBE showed an increased capacity
in retaining water, thus declining in the hydrophobic nature. It
organic and other commercial organic fertilizers (A, B, C).
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as evident that this was attributed in part to an active micro-
ial rejuvenation during the composting in consuming the residual
il. The increase in water-holding capacity also was indicative of
n increase in total porosity.
.4. Characteristics of SBE-based bio organic fertilizer
The novel composting method has the ability to modify the
orphology of the clay structure in SBE, in remedying and improv-
ng other chemical attributes besides eliminating the acidic and
ydrophobic nature of the earth. The resulting SBE has been
ransformed into an effective bio organic material with improved
rganic carbon (OC) content from 7.1 to 16.5%, the CEC from 8.0 to
3.8 cmol/kg, the water-holding capacity from 6.1 to 16.5 ml/100 g
nd the C:N ratio from 290 to 9–21. The OC increased due to the
esidual oil in SBE and the high OC content of the co-composted
aterials. Most of the degradable organic matter was decomposed
nd replenished. An increase in OC after composting would have
ontributed to the observed increase in CEC, thereby enhancing the
utrient supplying capacity of the bio organic fertilizer made. Sur-
risingly, the C:N ratio improved tremendously after composting.
his showed that the microorganisms present in SBE, 8000 colonial
orm unit (CFU) in 10 mL  of diluted SBE supernatant, had utilized
he residual oil and the organic matter readily available in SBE as
arbon source to manipulate and transform SBE into a suitable base
aterial facilitating microbial activities.
When SBE is associated with soil, the CEC of soil will be improved
Table 4) by weakly binding the exchangeable cations onto the
egatively charged soil surface via electrostatic forces. The CEC
f the mineral soil mixed with composted SBE at SBE:soil ratio of
0:50 has increased from its original 8 cmol per kg to 32–39 cmol
er kg. This is indicative of an increase in organic matter (source
f negative electrostatic sites), thus an increase in ability of the
ig. 3. Comparison of the plant growth performance [(a) height of plant, (b) size of lea
ontrol, (B) chicken litter and (C) composted spent bleaching earth (SBE), after a 3-monthFig. 2. Fresh matter production (total biomass, shoot and root) of kangkung in a pot
trial after a month of cultivation with composted spent bleaching earth (SBE).
soil to exchange, attract and retain nutrient elements from SBE
in a loosely bound bonding. This will prevent nutrient loss via
leaching by allowing plants to extract them from the soil via ‘swap-
ping’ them with H+.
The high CEC is also indicative of greater water-holding capacity
and slow release of water/nutrients once it is mixed and acti-
vated with soil. It holds 20 mL  of water per 100 g of SBE while
soil mixed with composted SBE (50:50) can hold up to 140 mL  of
water (Table 4). The resulting bio organic material thus has a slow
release property in managing the controlled-released efﬁciency of
nutrients and water in soil–fertilizer interaction. This is because the
transformed SBE tends to entrap/encapsulate volatile nutrient ele-
ments (such as N) and then releases them slowly into the soil it is
applied to. An optimal C:N ratio ranged 9–21 in SBE-formulated bio
organic fertilizer was  achieved approaching C:N ratio for adequate
microbial soil function, thus shows evident that it contributes to
f, (c) stem diameter and (d) fruit size] of okra in different fertilizer treatment (A)
 ﬁeld trial.
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Table  5
Example of results of a ﬁeld trial on groundnut var. magenta using composted spent
bleaching earth (SBE).






Average plant height (cm) 61.3 100.1
No.  of pods
1  pod 195 110
2  pods 351 226










































c%  of 2 pods 64 67
Average fresh weight (g) 1201.2 756.2
lant nutrition when applied to the soil, and that it is superior to
ther commercial organic fertilizers (Fig. 1) in terms of biological
ecomposition of organic residue and bioavailability of C, N and P.
The SBE-based bio organic fertilizer is favourably pelletized to
ive good binding effect to the fertilizer due to the presence of
natural binder” vis-à-vis the residual oil in SBE.
.5. Performance of pot and ﬁeld trials
Small scale pot assays was conducted on (i) I. aquatic or
angkung and (ii) A. esculentus or okra, using composted SBE as
 bio organic fertilizer.
.5.1. Ipomoea aquatic or kangkung
The t-test of the fresh weights of the total biomass (whole plant)
nd the selected parts of the harvested biomass (shoot and root)
fter a month of cultivation showed, on average, a more signiﬁcant
rowth of the plant’s shoot (p = 0.02) than that of its root (p = 0.72)
nd clearly demonstrating an overall 50% increase in kangkung
resh weight production (m = 18.1, SD = 2.0, t(3) = 3.2, p = 0.018) for
he plants treated with composted SBE compared to that without
reatment (m = 12.5, SD = 0.5) (Fig. 2). It was observed that kangkung
reated with composted SBE has a better germination rate, more
eaves and healthier growth compared to the control.
.5.2. Abelmoschus esculentus or okra
It was observed that okra treated with composted SBE improved
igniﬁcantly in the plant height (Fig. 3a), the size of the leaf (Fig. 3b),
he stem diameter (Fig. 3c), the yield and the fruit size (Fig. 3d)
ompared to that of the plants without treatment. The treated okra
ad healthier growth too.
The t-test of the fresh weights of the total biomass (whole plant)
nd the selected parts of the harvested biomass after a month of cul-
ivation with the composted SBE showed signiﬁcant improvements
n the overall plant growth and fruit yield (Fig. 4a). The results
howed an overall 2- to 3-fold increase in okra fresh weight produc-
ion – for the total biomass (m = 19.8, SD = 1.7, t(4) = 2.8, p = 0.0003)
nd for the fruit (m = 16.1, SD = 1.5, t(3) = 3.2, p = 0.003). Under the
ame treatment and after a complete 3-month trial, the okra plants
emonstrated insigniﬁcant growth in both the root (p = 0.18) and
eaf (p = 0.70) in the dry weight basis. However, there is enough
vidence (p = 0.01 and 0.04, respectively for the fresh and dry fruit
eights which are <  ˛ = 0.05) to show that the yield productivity
f okra for this treatment increased signiﬁcantly i.e. 60% for fresh
ield and 37% for dry yield, respectively (Fig. 4b).
The observations conducted on the big scale ﬁeld evaluation
nd efﬁcacy testing showed that there was a signiﬁcant incre-
ent (∼60%) in the fresh weight of groundnut magenta (Table 5).t was observed that the plot treated with composted SBE-based
io organic fertilizer in groundnut magenta cultivation showed less
opulation of wild grass as well as having brighter leaf colour and
lear leaf bones.Fig. 4. Fresh and dry matters production of the selected harvested biomass of okra
in  a pot trial at (a) a month and (b) 3 month of cultivation with composted spent
bleaching earth (SBE).
Hence, the pot and ﬁeld trials that have been conducted so far
showed that composted SBE-based bio organic fertilizer enhances
soil fertility, promotes rapid root and plant growth, and improves
crop quality while increasing crop productivity and yield. Currently,
some trials are under way  to investigate the effects of this organic
fertilizer on oil palm productivity. Nevertheless, it would be of
interest to focus on incorporating SBE with other wastes gener-
ated for potential application on a wide range of other crops in the
future.
4. Conclusion
Through composting SBE with agricultural and palm oil milling
by-products, the physicochemical properties such as the acid reac-
tivity and hydrophobic nature of the composted SBE improved
drastically. The resulting compost exhibited some enhanced fertil-
izer properties such as the C:N ratio, water-holding capacity, CEC
and OC content that was able to rejuvenate degraded soil, and to
act as an efﬁcient water/nutrients controlled release fertilizer in
soil–fertilizer interaction. Results from the pot assays and ﬁeld trial
conducted further revealed a signiﬁcant biomass growth and yield
productivity for the tested crops. In general, the developed SBE
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